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Abstract 
The spatial distribution of obligate dominant ant species, which includes four 
species of the genus Formica: F. exsecta, F. lugubris, F. aquilonia and F. uralensis, 
and differentiation of multispecies settlements has been studied in the eastern 
Kuzokotsky Peninsula (northern Karelia, Russia). F. exsecta and F. lugubris were 
present in remote single colonies, groups of two or three nests, single-species 
complexes of no more than ten nests, or larger multispecies settlements. F. aq-
uilonia formed a small complex within one of the multispecies settlements. The 
nests of F. uralensis were single. Significant preference of F. exsecta to aggregate 
with F. lugubris was revealed in two permanent multispecies settlements; such 
a preference is atypical for these species in other areas. The nests of F. aquilonia 
were aggregated only with the nests of their own species. Presumably, the set-
tlement of F. lugubris was facilitated by capturing the active nests of F. exsecta. 
This is confirmed by the reported case of capture of one F. exsecta nest by an 
adjacent colony of F. lugubris, as well as by similar cases repeatedly described 
by other authors. The change of the host species did not violate the spatial 
structure of the settlement. Thus, a unique structure of settlements of obligate 
dominant ant species with complicated interactions among them has been de-
scribed in northern Karelia.
Keywords: Ants, multispecies settlements, obligate dominant, F. exsecta, F. lu-
gubris, F. aquilonia, F. uralensis, Karelia.
Traditionally, the invertebrates of the forests of central and southern Europe have 
been much better studied than those of the forests of northern Europe, and this 
applies to ants as well (Domisch et al., 2005; Kilpelainen et al., 2005). Yet, even 
in northern conditions, ants prevail by biomass among invertebrates. Therefore, 
in the northeastern part of the Russian Federation, namely in Upper Kolyma, 
ants dominate in absolute numbers (Berman et al., 2010). They act as predators, 
seed and honeydew consumers, and take an active part in soil-forming processes 
(Gorb and Gorb, 1999; Frouz et al., 2008). They are also a source of food for many 
animals. Due to all the above mentioned factors ants can be considered as one 
of the key groups of insects in European forests (Dlussky, 1967; Hölldobler and 
Wilson, 1990, 2008).
Ants live in multispecies communities. Species in such communities are 
closely connected by different types of interactions, from competitive to mutu-
alistic ones, and usually form a three-level behavioral hierarchical structure of 
dominant-subdominant-influent (Reznikova, 1983; Vepsäläinen and Savolainen, 
1990; Zakharov, 2011a). When mound-building ant species are present in these 
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communities they are generally obligate dominants 
due to their large number and social organization. As 
dominant species they control the living conditions of 
other members of the community and organize its spa-
tiotemporal structure. Therefore, it is advisable to begin 
the study of ant communities of northern Europe with 
obligate dominants. 
Obligate dominant ant species of the northern Eu-
ropean forests include the following representatives of 
the genus Formica: the Formica rufa group, F. pratensis 
Retz., F. truncorum F., F. exsecta Nyl., and F. uralensis 
Ruzsky (Czechowski et al., 2002). All these species are 
mound-building ants, which form complex nests with 
an epigenous dome (Dlussky, 1967; Zakharov, 2015). 
The settlements of red wood ants (Formica rufa group) 
are the best studied (Pamilo et al., 1992; Czechowski 
and Radchenko, 2006; Zakharov, 2015) while those of 
F. exsecta have been studied only lately (Pisarski, 1982; 
Goryunov, 2007, 2011). Sociotomy (budding and frag-
mentation) is a characteristic feature in all these species, 
which explains why they often form large compact set-
tlements. Red wood ants, as a result of budding, form 
long-lasting polycalic colonies ― groups of nests, ma-
ternal and daughter, connected by exchange routes 
(Gösswald, 1978; Cherix, 1980; Zakharov, 1991).
The spatial organization of the settlements of ob-
ligate dominant ants in northern Europe has been 
poorly investigated. This could be of interest since the 
biological and ecological features of the ant populations 
of northern Europe often differ greatly from the central 
European ones (Berman et al., 2010). Our work is devot-
ed to the analysis of the spatial distribution of mound-
building ants in the north of Europe. For this purpose, 
the eastern part of the Kuzokotsky Peninsula, located in 
the north of the Republic of Karelia in the Russian Fed-
eration (35 km northeast of the town of Chupa, 66.5°N, 
33.6°E), was surveyed.
Materials and methods
In July and August 2014 we recorded, mapped, and de-
scribed by standard methods (Zakharov et al., 2013) all 
nests of Formica ants located in the eastern part of the 
Kuzokotsky Peninsula on the White Sea coast. The total 
examined area covers 400 ha. In July and August 2015 we 
made a second inventory of the three large settlements, 
“Cape”, “Pink Rocks” and “Kuzyaki” (Fig. 1). 
Four types of biotopes were present in the stud-
ied area: rocks with isolated “islands” of shrubs and co-
niferous trees, coastal crowberry beds, raised bogs, and 
forests with high canopy projection area. In the forests 
(mixed forests of birch, pine and pine-spruce), which oc-
cupy most of the peninsula, we did not find any nests of 
mound-building ants. The nests of most species were lo-
cated either on the rocks or in the coastal crowberry beds.
In addition to measuring the dimensions of the 
nests, the length of the foraging routes was measured 
for the species F. lugubris, and the distances between 
all nests were recorded with an accuracy of up to 1 m. 
The diameter and height of the mounds were used to 
compare the nests. In both 2014  and 2015  we moni-
tored the damage done to ant nests by bears; in 2015 the 
state of the nests was monitored during the entire study 
period.
In the “Cape” settlement and the central part of the 
“Pink Rocks” settlement a “sugar shooting” experiment 
was performed to compare the size of F. exsecta and F. lu-
gubris foraging areas. For this purpose, we chose six nests 
of each species (three pairs of F. exsecta−F. lugubris in each 
of two settlements) of the closest neighbour nests. Then, 
along the line connecting the nests of the same pair, sug-
ar feeders (cotton wool soaked in a sugar syrup poured on 
a plastic surface) were placed at a distance of 1−5 m from 
each other (1 m for the first five feeders and 3−5 m for the 
subsequent ones). The feeders were exposed for 2−3 hours. 
During this time, the number of ants present on the feeders 
was registered four times. The nest of origin of the ants was 
determined by following them back to their nests. The ex-
periment was carried out in sunny weather at a temperature 
varying between 16 to 20 °C. The mounds of F. lugubris were 
80−95 cm in diameter, except for nest 6a (Fig. 3) which had 
a mound of 60 cm in diameter. The similar sizes of the nests 
of F. exsecta from each settlement were chosen (two small, 
d = 40−60 cm, and one large, d > 85 cm, nest).
The taxonomic identification of the ants was 
achieved by the authors according to the keys provided 
by Dlussky (1967). The specimens collected are stored at 
the Department of Biological Evolution of the M. V. Lo-
monosov Moscow State University.
The statistical analysis of the results was carried out 
using the Mann−Whitney test for two independent sam-
ples, the Kruskall−Wallis test for multiple sample com-
parisons and the Clark−Evans test (Clark and Evans, 
1954). We tested the following hypotheses: 1) whether 
there are differences between ant species in the param-
eters studied, and 2) whether there are the same differ-
ences between the settlements’ species (it is important 
for the settlements structure analysis). All calculations 
were performed with Microsoft Excel 2003 and Statistica 
v. 6.0 (StatSoft, Ink., 1984−2001).
Results
In the eastern part of the Kuzokotsky Peninsula, we 
found 75 nests of mound-building ants belonging to four 
species: Formica exsecta, F. lugubris, F. aquilonia, and 
F. uralensis (Fig. 1, Table 1). F. uralensis was found only 
on raised bogs. The main obligate dominants (85.3 % of 
the nests) in the studied area were F. exsecta and F. lugu-
bris, to which one can add F. aquilonia in the eastern part 
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of the peninsula (Fig. 1, Table 1). The number of F. exsec-
ta nests (38) is practically equal to the total number of 
nests of other mound-building species (37).
Most anthills (78 %) were concentrated in three mul-
tispecies settlements (Fig. 1), located about 1 km apart. The 
remaining nests, i.e. 10 nests of F. lugubris that stand as sin-
gle nests or as two to three nest alignments, and a group 
of five F. exsecta nests, were more distant from the main 
clusters.
MULTISPECIES SETTLEMENTS OF  
OBLIGATE DOMINANTS
The three multispecies settlements of the peninsula dif-
fered in species composition.
In the late July of 2015, the “Kuzyaki” settlement, 
situated in the southwestern part of the studied area, 
consisted of 10 F. exsecta nests located on the rocks. The 
only nest of obligate dominants in the vicinity was a 
rather small nest of F. uralensis the mound of which was 
30 cm in diameter, situated at the outskirts of a raised 
bog (12 m from an average size nest of F. exsecta). In the 
late summer of 2014 this settlement contained two nests 
of F. lugubris. However, these two nests disappeared in 
2015. In the settlements “Pink Rocks” and “Cape” on the 
other hand, all the nests mapped in 2014 were present in 
2015, and several new nests appeared.
The largest settlement, “Cape” is situated in the 
easternmost part of the peninsula, in a coastal area with 
strong winds (Fig. 1). It included 31 nests of three species: 
F. exsecta, F. lugubris, and F. aquilonia (Table 1). F. aq-
uilonia kept away from the other species and formed a 
complex situated mostly in rocky places, adjacent to the 
groups of nests of F. lugubris and F. exsecta located in the 
coastal crowberry bed (Fig. 2). In 2015 we did not check 
for the presence of the three most remote located nests 
Fig. 1. Location of Formica nests in the eastern part of the Kuzokotsky Peninsula, 2015
Table 1. Main characteristics of Formica nests in  
the Kuzokotsky Peninsula 
Type of disposition Species N D H
«Pink Rocks» 
settlement
F. exsecta 8 61.3±6.60 27.5±3.27
F. lugubris 10 75.5±5.60 27.3±4.30
The central part of the 
“Pink Rocks” settlement
F. exsecta 7 63.3±8.72 30.8±3.27
F. lugubris 8 71.7±9.10 32.2±6.06
The “Cape” settlement
F. exsecta 15 68.0±8.31 19.7±1.14
F. lugubris 6 75.8±10.28 22.5±4.79
F. aquilonia 10 61.3±7.95 21.3±2.80
The “Kuzyaki” 
settlement
F. exsecta 10 64.5±5.24 29.7±2.81
F. uralensis 1 30 15
Single nests and small 
groups of nests
F. exsecta 5 69.0±10.54 25.0±2.24
F. lugubris 10 78.0±13.00 23.5±3.66
N, number of nests; D, mound diameter in cm (mean±SE); H, mound 
height in cm (mean±SE).
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of F. aquilonia because they were difficult to access. The 
ten nests of F. aquilonia examined included two groups 
of three nests and four separately standing nests (Fig. 2). 
The “Pink Rocks” settlement, situated in the south-
eastern part of the peninsula, consisted of 18  nests of 
F. lugubris and F. exsecta, with an almost equal number of 
nests for each species (Table 1). Fifteen of these nests were 
situated on the rocky outcrops, two on the outskirts of a 
raised bog and one in the coastal crowberry beds. All the 
biotopes were occupied by nests of both species (Fig. 3). 
Six of the 10 nests of F. lugubris were situated in two 
groups of three nests each. 
All ant settlements were regularly and strongly 
damaged by bears (Table 2). The same nest could be 
destroyed in the first (July and August 2014), the sec-
ond (September, 2014  − June, 2015) or the third (July 
and August 2015) study periods. We consider July and 
August separately, because they are the most favourable 
months for the ants’ colonies development.
SIZE OF FORMICA NESTS
The average size of the nests in the studied area is shown 
in Table 1. Two flat nests of F. lugubris in the settlement 
“Cape” were excluded. F. lugubris and F. exsecta nests, lo-
cated singly or in small groups, have typically the largest 
size. The nests in the settlement “Pink Rocks” have the 
smallest diameters. The lowest nests are found in the set-
tlement “Cape”. The size of the foraging area, as well as 
the distance to the nearest neighbor, can depend on the 
size of the nest. Since the sizes of the nests seemed dif-
ferent between settlements, we decided to check to what 
extent the differences were significant. To compare the 
diameter and height of the mounds of F. lugubris and 
F. exsecta between settlements, a Kruskall-Wallis test 
was used (Table 3). Significant differences were noted 
only for F. exsecta in the height of the nests. This is due to 
the smaller size of the nests of this species in the “Cape” 
settlement (Fig. 4). Thus, in the “Cape” settlement, with 
almost equal diameters, the nests are the flattest in com-
parison with the nests in the other settlements.
Table 3. Comparison of mound size with  
the Kruskall-Wallis test 
Species Diameter (cm) Height (cm)
F. lugubris H=0.22, p=0.897 H=0.39, p=0.822
F. exsecta H=0.91, p=0.820 H=11.23, p=0.011
H — statistics value, p — associated probability
The sizes of F. lugubris nests in different settlements 
almost did not differ, although in the “Pink Rocks” set-
tlement there is a tendency for the nests to be larger. 
The sizes of the nests of F. aquilonia are slightly larger 
than those of F. lugubris, either when comparing across 
all settlements, or when comparing for the settlement 
“Cape” only.
RELATIVE POSITION OF OBLIGATE DOMINANTS IN  
THE SETTLEMENTS
F. exsecta and F. lugubris were found together in all the 
three major peninsula settlements in 2014 and in two of 
them in 2015. Since the two settlements “Pink Rocks” 
Fig. 2. Nest location in the “Cape” settlement
Biotopes: white, mixed forest; dark gray, rocks with shrubs and 
coniferous trees; light grey, coastal crowberry beds; (?) presence 
of nests was not checked in 2015. Mound diameter: (I) ≤ 60 cm; 
(II) 65–80 cm; (III) 85–100 cm; (IV) 105–120 cm; (VI) >140 cm.
Table 2. Proportion of nests damaged  
by bears (Ursus arctos)
Settlement Species
Period of damaginga
Over all 
periods 
together 
July,  
Aug. 
2014
Sept. 
2014 — 
June 2015
July,  
Aug. 
2015
«Pink 
Rocks»
F. exsecta 0.00 0.25 0.00 0.25
F. lugubris 0.10 0.40 0.20 0.40
«Cape» 
F. exsecta 0.14 0.07 0.46b 0.60
F. lugubris 0.00 0.40 0.40b 0.80
F. aquilonia 0.00 0.14 0.14 0.14
«Kuzyaki»
F. exsecta 0.00 0.50 0.00 0.50
F. uralensis 0.00 1.00 0.00 1.00
a One colony may have been damaged several times.
b About 20 % of the colonies during this period were destroyed twice.
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and “Cape” presented a higher species diversity than the 
“Kuzyaki” settlement, we analyze these settlements in 
more details below.
From the maps of the settlements “Pink Rocks” and 
“Cape” it can be seen that colonies and groups of two to 
three nests of F. exsecta and F. lugubris were not isolated, 
but often joined together, forming mixed settlements. 
This tendency for the nests of two species to settle close 
to each other can be contingently called “xenophilia”.
To analyze the spatial structure of the settlements 
and identify a possible tendency to “xenophilia” the 
minimum distance to conspecific and heterospecific 
nests were estimated for each nest, as well as the dis-
tance to the nearest neighbour nest without taking into 
account its species affiliation. The average values  of these 
distances for each settlement are given in Table 4. 
Quantitative evaluation of “xenophilia” was car-
ried out only for F. exsecta and F. lugubris colonies. There 
were no other obligate dominants in the settlements. The 
colonies of F. aquilonia present in the “Cape” settlement 
were ignored, because they formed a compact cluster 
and clearly showed no trend towards xenophilia (Fig. 2). 
The average distance to the nearest neighbor nest could 
coincide with the average distance to conspecific or het-
erospecific nest only if the nearest neighbor was either a 
conspecific or a heterospecific nest. Such cases are pre-
sented in Table 4  (for example, F. lugubris, the “Cape” 
settlement). In other cases, when the nearest neighbor 
turned out to be a conspecific or a heterospecific nest, 
the average distance value to the nearest neighbor nest 
Fig. 3. Nest location in the “Pink Rocks” settlement
Biotopes: squares on grey background, pine forest; waves on white backgound, wetland; dark grey, rocks with shrubs 
and coniferous trees; light grey, coastal crowberry beds. Mound diameter: (I) ≤ 60 cm; (II) 65–80 cm; (III) 85–100 cm; 
(IV) 105–120 cm; (VI) >140 cm.
Fig. 4. Average height of the nests
Settlements: 1 — the “Cape” settlement, 2 — the “Pink Rocks” 
settlement, 3 — The “Kuzyaki” settlement, 4 — Single nests and 
small groups of nests.
Table 4. Distances in meters (mean±SE)  
between nests in two of the ant settlements of  
the Kuzokotsky Peninsula
Settlement Species Conspecific nests
Hetero-
specific nests
Nearest 
neighbours
The «Cape» 
settlement
F. lugubris 93.60±10.56 16.20±3.01 16.20±3.01
F. exsecta 22.40±3.04 24.58±2.89 16.00±1.17
The «Pink 
Rocks» 
settlement
F. lugubris 97.00±24.55 71.20±20.64 69.20±20.91
F. exsecta 78.80±14.43 51.00±12.69 51.00±12.69
The central 
part of the 
«Pink Rocks» 
settlement
F. lugubris 60.00±5.77 41.80±7.05 38.80±4.27
F. exsecta 71.50±16.07 38.80±4.27 38.80±4.27
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was different from the average distance to conspecific or 
heterospecific nests.
In addition, in the settlement “Pink Rocks”, the cen-
tral fragment of the settlement was considered separate-
ly, without the nests 9, 10  and 11, which were at least 
100 m away from it (Fig. 3). The nests were considered 
belonging to the same aggregation (colony or group) if 
they were connected by inter-nest routes or located at 
a distance of no more than 10 m from each other. Nest 
number 24 in the “Cape” settlement was not taken into 
account in the calculations, because during the observa-
tion period it was first a nest of F. exsecta, and then was 
captured by F. lugubris.
Practically all calculated distances appeared to be 
different between settlements (Table 4), which could 
suggest that the spatial organization of the settlements 
is also different. Table 5 shows that practically all calcu-
lated distances were significantly different between the 
two settlements. The only exception was the difference 
in the distances of conspecific nests for F. lugubris, but 
these latter became significant when comparing the set-
tlement “Cape” and the central part of the “Pink Rocks” 
settlement. As can be seen on Table 4, all the distances 
in the “Pink Rocks” settlement were greater than those in 
the “Cape” settlement. However, in the central part of the 
“Pink Rocks” settlement the average distance between the 
nests of F. lugubris was shorter than in the “Cape” settle-
ment. All these, point to a different spatial organization of 
the nests in the two settlements, which justifies consider-
ing them separately in the following analysis.
The analysis of the difference between the distanc-
es of conspecific and heterospecific nests shows that 
for F. lugubris these distances are different only in the 
“Cape” settlement (Table 6). The distances of the nests of 
F. lugubris to those of F. exsecta were significantly shorter 
than to those of homospecific nests (Table 4). This may 
indicate a tendency of F. lugubris to settle next to F. exsec-
ta. At the same time, such differences were not found for 
F. exsecta, showing that this species has no obvious pref-
erence to settle either closer to a nest of its own species 
or to a nest of another species (Tables 4, 6).
In the settlement “Pink Rocks”, for both species, the 
average distance to conspecific nests was a little higher 
than that to heterospecific nests, but the differences were 
not significant. This was also true for the central part of 
the settlement. Thus, in this settlement there are no clear 
preferences for a species to settle next to its own or to 
another species, although it can nevertheless be said that 
there is a tendency to this.
The difference between settlements  in average dis-
tance to the nearest neighbor nest for F. lugubris and F. ex-
secta, without taking into account the species affiliation, 
was also estimated. For both species, these distances were 
shorter than the average distances to homospecific or 
heterospecific nests. The differences between species for 
each settlement taken separately were not significant (Ta-
bles 4, 7). This means that a nest’s nearest neighbor can 
be equally likely homo- or heterospecific. The distances 
between the closest colonies (or groups) of obligate dom-
inants in the two settlements differed significantly and 
were about 16 m for the “Cape” and 38.8 m for the central 
part of the “Pink Rocks” settlement.
To determine the nests’ distribution pattern in the 
settlements we applied the Clark-Evans test (Clark and 
Evans, 1954). The F. lugubris and F. exsecta nest distribu-
tion in the “Pink Rocks” settlement was significantly dif-
ferent from random and tended towards a uniform dis-
tribution (R = 1.817, Z = 5.189, p < 0.001), while it was 
significantly clustered for the same species in the “Cape” 
settlement (R = 0.558, Z = 3.688, p < 0.010).
Table 5. Test of differences between settlements 
in the distances to conspecific, heterospecific and 
nearest neighbor nest (Mann-Whitney test).
Species Conspecific nests
Heterospecific 
nests
Nearest 
neighbours
The “Cape” and “Pink Rocks” settlements
F. lugubris Z=0.92, p=0.357 Z=2.75, p=0.006 Z=2.75, p=0.006
F. exsecta Z=3.07, p=0.002 Z=2.48, p=0.013 Z=3.17, p=0.002
The “Cape” settlement and the central part of  
the «Pink Rocks» settlement 
F. lugubris Z=2.49, p=0.013 Z=2.46, p=0.014 Z=2.46, p=0.014
F. exsecta Z=2.81, p=0.005 Z=2.13, p=0.033 Z=2.92, p=0.003
Z — statistics value, p — associated probability
Table 6. Test of differences in average distance to 
conspecific and heterospecific nearest neighbour 
nests for each species and each settlement  
(Mann-Whitney test)
Settlement Species Criterion value
The “Cape” settlement
F. lugubris Z=2.63, p=0.008
F. exsecta Z=0.35, p=0.729
The “Pink Rocks” settlement
F. lugubris Z=1.13, p=0.261
F. exsecta Z=1.57, p=0.116
The central part of the “Pink Rocks» 
settlement
F. lugubris Z=1.75, p=0.080
F. exsecta Z=1.74, p=0.081
Z — statistics value, p — associated probability
Table 7. Comparison of average distances to  
nearest neighbour between species in  
each settlement (Mann-Whitney test).
Settlement Criterion value
The «Cape» settlement Z=0.53, p=0.593
The «Pink Rocks» settlement Z=0.46, p=0.644
The central part of the «Pink Rocks» settlement Z=0.00, p=1.000
Z — statistics value, p — associated probability
Table 8. Radius in meters (mean±SE) of the foraging 
area of Formica species in the settlement “Pink 
Rocks” and “Cape”.
Species The central part of the «Pink Rocks» settlement
The «Cape» 
settlement
F. exsecta 2.7.0±0.9 2.1±1.7
F. lugubris 32.0±3.5 10.3±4.3
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USAGE OF FORAGING AREAS
The size of foraging areas (FA) in ants can be assessed 
both by the distance of individual foragers from their 
nest and by the length of the foraging routes departing 
from the nest. However, this can be done only for F. lu-
gubris since F. exsecta do not use foraging routes. The 
number and length of foraging routes of F. lugubris were 
different between the two settlements. In the “Cape” set-
tlement three nests out of six had foraging routes. These 
were nests 62, 29 and 14 with one, five and four routes, 
respectively. Their average length was 4.3 ± 1.2 m (mean 
± SE). In the central part of the settlement “Pink Rocks”, 
three out of six nests also had foraging routes. These 
were the nests 6a, 6b and 8 with two, one and five routes, 
respectively. Their average length was higher than in the 
“Cape” settlement and was 12.2 ± 3.5 m (mean ± SE). 
The radii of FA, estimated from the observations 
with the “sugar shooting” experiments, differed signif-
icantly (Z = 2.33, p = 0.020) between the two species. 
In F. exsecta they did not exceed three meters, while in 
F. lugubris they could reach tens of meters (Table 8). The 
radii of FA in F. exsecta in both settlements were similar, 
their differences were not significant. At the same time, 
in F. lugubris in the “Cape” settlement the radii of FA 
were significantly shorter (Z = 1.96, p = 0.049) (Table 8).
CAPTURING THE NEST
To explain the spatial organization of settlements of obli-
gate dominants in our study area, the observations made 
in August 2015 in the settlement “Cape” are essential.
The large colony of F. lugubris number 14  (d = 
85 cm) was located between two colonies of F. exsecta. 
On one of its sides, it had as neighbour colony 13, which 
consisted of three nests, while on the other side it had as 
neighbors nest 15 (d = 70 cm) and a small nest 24 (d = 
45 cm) (Fig. 2). Under these conditions, the F. lugubris 
colony invaded nest 24, owned by F. exsecta. We discov-
ered these three days later, when only workers of F. lugu-
bris were found in nest 24, and all workers of F. exsecta 
had disappeared.
Discussion
The distribution of obligate dominants on the studied 
area of the Kuzokotsky Peninsula (Fig.1) is characterized 
by a concentration in three small settlements, the largest 
of them with 31 nests. Under more favorable conditions, 
the species studied can form settlements consisting of 
one hundred or more nests (Otto, 1962; Gösswald, 1978; 
Goryunov, 2007; Zakharov, 2015). The anthills of F. ex-
secta on the peninsula are relatively average in size. Both 
large and small (up to 25 cm in diameter) nests are ex-
tremely rare. According to the classification of Goryunov 
(2007), such a structure corresponds to the initial stage 
of development of complex settlement in F. exsecta. The 
largest aggregation of F. lugubris nests on the Kuzokot-
sky Peninsula is a group that consists of a maternal nest 
and two daughter nests. Such colonies may be located 
remotely from other species, or be part of multispecies 
settlements. All the observed nests of F. aquilonia form a 
cluster of 10 nests in the Cape settlement (Fig. 1).
Abiotic factors have a great influence on the for-
mation of communities in extreme conditions, there-
fore their structure differ from that of the communities 
that develop under less severe conditions (Berman et al., 
2010). In our study area, the formation of more com-
plex and large single-species settlement is prevented by 
both abiotic (extreme weather conditions) and biotic 
(competition with other obligate dominants, permanent 
destruction of the nests by bears (Table 2)) factors. The 
peculiarity of the climate on the islands at the Kuzokots-
kaya Guba is instability, sharp weather variability, asso-
ciated with the movements of areas of low atmospheric 
pressure. Therefore, with the background of mild aver-
age monthly temperatures (in July−August + 11−14 °C, 
in December−February − 9−12° C), short-term, but 
strong cooling and warming waves are observed here in 
all seasons of the year. In winter, the temperature can 
rise up to + 7 °C and drop down to –41°C on some days. 
In summer, the air can warm up to + 30−32 °C, but nev-
ertheless, even in July frosts up to –1  °С are possible 
(Karpovich, 1988).
When the colonies of several obligate dominant 
species cohabit in a settlement, representatives of each 
species, as a rule, form clusters (Zakharov, 1977, 2015). 
“The strategy of population concentration” is also imple-
mented when permanently repeated large-scale destruc-
tion of anthills in settlements occurs (Zakharov, 2011a, 
2011b). Clusters of nests of several Formica species in 
one settlement is a characteristic feature of the distribu-
tion of ants on the peninsula. However, only F. aquilo-
nia form continuous cluster. The species F. lugubris and 
F. exsecta form close associations (Fig. 2 and 3), which 
structural features are discussed below.
The observed association between F. lugubris and 
F. exsecta is unique because in all previous observations, 
close proximity of obligate dominants occurred at the 
boundaries of the settlement of one or the other species. 
As a rule, they were a consequence of the increased den-
sity of the settlements (Zakharov, 2015). The settlements 
described here have maintained their structure during 
the two years observation period, which indicates the 
relative constancy of these formations.
In less extreme conditions F. lugubris forms colonies 
that are several times larger than the maximum size of 
those of F. excecta (Zakharov et al., 2013). F. lugubris, as 
a rule, forms large settlements, on the outskirts of which 
F. exsecta sometimes settles. On the Kuzokotsky Penin-
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sula, there are more nests of F. exsecta than nests of red 
wood ants. Apparently, F. exsecta is more tolerant to 
cold winters (Berman et al., 2010) and quickly restores 
the nest after its destruction, since this ecotone species 
was initially adapted to such circumstances (Werner et 
al., 1979; Cherix et al., 1980; Pisarski, 1982; Goryunov, 
2015). At the same time, the nests of red wood ants are 
much smaller on the Kuzokotsky Peninsula than those 
on the mainland (Zakharov, 2015). Under such condi-
tions, the success rates of F. excecta and F. lugubris are 
equivalent, which enables them to form aggregations on 
parity terms.
The distribution of F. lugubris and F. exsecta nests 
is structurally different within the settlements “Pink 
Rocks” and “Cape”. However, the average distance be-
tween nearest neighbour nests is not different between 
the two settlements. The average difference between 
nearest neighbour distance in each settlement is small, 
which shows that ants establish their nest at an equi-
distant location from the nearest neighbor nest in both 
settlements. This, in general, is an indication of a uni-
form nest distribution within compact settlements (Ta-
bles 4, 5, Clark−Evans test). This type of distribution is 
a sign of competition between colonies and is in good 
agreement with our knowledge of mound-building ant 
ecology. In fact, the studied species are obligate domi-
nants that establish a territory that they defend actively. 
Their FAs are protected from the workers of unrelat-
ed nests of the same species, which leads to a uniform 
distribution of the nests in compact settlements. At the 
same time, a high unevenness of the environment, a dif-
ference in microhabitat conditions, can lead to the for-
mation of settlements in which several groups of com-
pactly located nests are located in the most favorable 
habitats and are distributed in a uniform manner within 
each of these groups. We see this situation in the “Cape” 
settlement: the Clark and Evans test reflects the general 
nature of the nest distribution in the whole settlement 
and a small spreading of the distances to nearest neigh-
bor nests, indicating a uniform distribution within the 
groups of nests.
It should be noted that in the “Cape” settlement the 
distance between neighbors is almost half that in the cen-
tral fragment of the “Pink Rocks” settlement (Table 4). 
This may be due to biotic differences. Obligate domi-
nants in the Kuzokotsky Peninsula occupy well-heated 
rocky areas, crowberry beds and the marginal areas of 
moist environments. The preferred habitats for mound-
building ants in the peninsula are rocks with coniferous 
species and shrubs. F. exsecta forms single-species settle-
ments (for example, the settlement “Kuzyaki”) exclusive-
ly on rocks. F. aquilonia is found only on rocky outcrops 
in the “Cape” settlement. The coastal crowberry beds is a 
tundra-like type of vegetation (Breslina, 1987) that grows 
on primitive thin soils on a rocky base (Vital, 2003). 
On the mainland, most of the settlement “Cape” 
corresponds to a rocky biotope. This biotope is sur-
rounded by crowberry beds. The whole rocky surface is 
occupied by F. aquilonia nests. In the settlement “Cape” 
colonies of F. exsecta and F. lugubris are located in crow-
berry beds (Fig. 2). In the settlement “Pink Rocks”, in 
contrary, the nests of these species are located mainly on 
the rocks and only one nest of each species are located 
in the crowberry beds (Fig. 3). In the coastal crowber-
ry beds the vegetation where ants can find food forms 
a continuous cover, representing a more productive bi-
otope (in terms of food supply for ants). This allows the 
colonies to develop with smaller foraging areas. On the 
rocks on the other hand, there are many empty rocky 
areas where ants can find absolutely no food. Ants have 
to cross these areas to reach depressions in the rock that 
contain spots of vegetation.
The structure of the settlements in “Pink Rocks” 
is characterized by an absence of xenophilia (Table 6), 
i.e. it is relatively unimportant for ants to have a con-
specific or heterospecific nest as nearest neighbour. This 
indicates a random and, as described above, a uniform 
distribution of nests, although F. lugubris still has a trend 
towards xenophilia. In the settlement “Cape” it can be 
shown (Table 6) that F. lugubris colonies are more likely 
to have F. exsecta nests as closest neighbours than nests 
of their own species. At the same time, F. exsecta does 
not show xenophilia. Xenophilia contradicts the tenden-
cy for these species to form daughter colonies mainly by 
means of sociotomy. When new colonies are created by 
sociotomy, one can expect that conspecific colonies will 
tend to be closer to each other than to heterospecific 
ones. The distribution we observed can be explained by 
the fact that new colonies at a given location are formed 
mainly by an alternative way and not by budding from 
a parent colony. Sociotomy can be difficult in extreme 
conditions. Zakharov and colleagues (2013)  calculated 
that the minimum diameter threshold (110 cm) required 
for a nest to form daughter colonies is reached for only 
about 15 % of the nests of F. lugubris (Fig. 2). In the polar 
circle region, though, this threshold may differ from the 
one calculated for more southern populations.
Alternative methods of reproduction include the 
ability to establish nests using winged individuals by 
means of temporary social parasitism at randomly cho-
sen Serviformica nests (Dlusskiy, 1967). However, cas-
es of F. lugubris social parasitism on F. exsecta have not 
been described in the literature. Yet another alternative 
method of reproduction is the conquest of the weaker 
competitor`s nests, as described above in the “Cape” set-
tlement for a colony of F. lugubris that invaded a colony 
of F. exsecta. Zakharov (2015) has recently reported a 
case in which a colony of F. lugubris invaded a nest of 
F. aquilonia without significant losses, and then invad-
ed a nest of F. exsecta. This could explain the permanent 
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presence of F. lugubris in F. exsecta populations, and the 
similar nearest neighbour distances ― F. lugubris could 
simply be included in the F. exsecta settlement.
Besides their nest, ant colonies have FAs ― territories 
in which they collect food (Kaczmarek 1953). When the 
nests of different species are close to each other, the matter 
of interest is the relative position of their FAs (Putyatina 
2011). As shown on the map (Fig. 3), the FAs of F. aqui-
lonia are never directly bordered by the FAs of F. lugubris. 
There are always FAs of F. exsecta between them.
Taking into consideration the uniform distribution 
of the nests in multispecies settlements, it is possible to 
assume that the sizes of their FAs are similar. However, 
an analysis of the size of the FA shows that the size of 
F. exsecta FAs is about ten times smaller than that of F. lu-
gubris (Table 8). If we take into account our preliminary 
observations showing that FA of such a small size is also 
characteristic of the nests located outside mixed F. exsec-
ta settlements, this means that this species feels well in 
the crowberry beds on the “Cape” settlement. However, 
the FAs of F. lugubris in this settlement are significantly 
smaller than in the “Pink Rocks” settlement. This again 
confirms the assumption that F. lugubris is forced to in-
tegrate established F. exsecta settlements.
In the “Pink Rocks” settlement the “integration” of 
F. lugubris nests within F. exsecta settlement is probably 
in a more advanced stage than in the “Cape” settlement. 
One can assume that F. lugubris was already present 
in the settlement for a long time, and that it occupies 
a significant part of the territory, probably after invad-
ing F. exsecta nests. This is why “xenophilia” in this set-
tlement remains only in the form of a trend. Attention 
should be drawn to the fact that in the “Cape” settlement 
all the nests of F. lugubris are single, while in the “Pink 
Rocks” settlement there are aggregations of maternal 
and daughter colonies (Fig. 2, 3), which may indicate 
both a longer presence of F. lugubris in this settlement 
and more favourable conditions. The uniform distribu-
tion of F. lugubris and F. exsecta nests, in spite of the sig-
nificant difference in the size of their FAs, can also occur 
due to the alternation of species in the settlement caused 
by random factors.
Further study of joint settlements of obligate dom-
inant species can open new perspectives in understand-
ing the interactions among ants of this hierarchical rank.
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